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Abstract: This review examines the potential of fasting-mimicking diets (FMDs) in preventing
and treating Alzheimer’s disease (AD). FMDs are low-calorie diets that mimic the physiological
and metabolic effects of fasting, including the activation of cellular stress response pathways and
autophagy. Recent studies have shown that FMDs can reduce amyloid-beta accumulation, tau
phosphorylation, and inflammation, as well as improve cognitive function in animal models of
AD. Human studies have also reported improvements in AD biomarkers, cognitive functions, and
subjective well-being measures following FMDs. However, the optimal duration and frequency of
FMDs and their long-term safety and efficacy remain to be determined. Despite these uncertainties,
FMDs hold promise as a non-pharmacological approach to AD prevention and treatment, and further
research in this area is warranted.
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1. Introduction

With the growing older population, there is a notable rise in the prevalence of demen-
tia worldwide. Alzheimer’s disease (AD) continues to be the leading cause of dementia,
impacting approximately 50 million individuals globally, primarily among older people [1].
AD is a heterogeneous and multifactorial disorder characterized by a progressive decline
in cognitive functions, behavioral problems, and poor self-care, leading to progressive
disability [2,3]. In detail, AD is a progressive neurodegenerative disorder that manifests
along a continuum, from subjective cognitive decline (SCD) to mild cognitive impairment
(MCI), eventually leading to dementia. SCD refers to self-reported cognitive complaints in
individuals who are otherwise functioning normally and do not show any objective cogni-
tive impairment. These individuals may notice subtle changes in their memory or cognitive
abilities but can still perform daily activities without significant difficulties. MCI represents
a stage where individuals experience noticeable cognitive decline beyond what is expected
for their age and education level. It is characterized by mild impairments in memory,
thinking, and/or other cognitive domains. However, individuals with MCI can still carry
out their daily activities independently without substantial functional impairment. MCI
can be further classified into two subtypes: amnestic MCI (primarily affecting memory)
and non-amnestic MCI (affecting domains other than memory). Dementia is the most
advanced stage of the AD continuum, where individuals experience significant cognitive
decline that impairs their ability to function independently. Memory loss, confusion, lan-
guage difficulties, and challenges in problem-solving and decision-making are commonly
observed in dementia. As the disease progresses, individuals may require assistance with
daily activities, and their cognitive and functional impairments become more severe [2].

From a pathological point of view, AD is characterized by the progressive deposition
of amyloid β-peptide (Aβ) as amyloid plaques, hyperphosphorylated tau protein intra-
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cellularly as neurofibrillary tangles (NFTs), and neuronal loss [3]. AD can be divided into
two main categories. The first is early onset AD (EOAD), which typically affects younger
individuals mainly due to mutations in specific genes responsible for amyloid protein
processing. The second is late-onset AD (LOAD), diagnosed in older individuals and
mainly associated with lifestyle, environmental, and disease risk factors [4].

Despite over one hundred years of research, currently, there is no effective treatment to
prevent AD development. However, a growing and recent body of evidence has identified
potentially modifiable risk factors for AD and related dementias, including hypertension,
obesity, diabetes, depression, cigarette smoking, hearing loss, and binge drinking [5,6].
Therefore, interventions targeting each risk factor and mechanism in the meantime are
required for an optimal preventive effect. The Finnish Geriatric Intervention Study to
Prevent Cognitive Impairment and Disability (FINGER) is the first large, long-term trial
showing that a multidomain lifestyle-based intervention ameliorates vascular and lifestyle-
related risk factors as well as preserves cognitive functioning reducing the incidence of
cognitive decline among older persons [7,8]. Based on current understanding, it is thought
that diet can impact the risk of developing AD by modulating metabolic and energetic
pathways. For example, excessive body weight resulting from a diet high in carbohydrates
and fats has been linked to an increased risk of AD. Conversely, reducing calorie intake in
a regular diet can extend a healthy lifespan and decrease the incidence of AD and related
dementia [9]. For this purpose, several dietary patterns have been proposed, such as the
Mediterranean diet, the DASH (dietary approaches to stop hypertension) diet, and the
MIND diet (Mediterranean-DASH intervention for neurodegenerative delay diet) [10].
These studies collectively show that minimizing the intake of trans fatty acids, saturated
fats, sand dairy products and increasing the consumption of vegetables, fruits, legumes
(beans, peas, and lentils), and whole grains reduces the risk of AD [11].

Dietary restriction (DR) has been demonstrated as a reliable and effective interven-
tion to enhance the longevity and health status of various model organisms [12,13]. The
principal DR regimens are reported in Table 1 and include caloric restriction (CR), intermit-
tent fasting (IF) regimens, restriction of specific macronutrients, ketogenic diets (KD), and
fasting-mimicking diet (FMD). All of them have been shown to reduce metabolic markers
associated with aging in both animal and human studies [12,14,15].

In recent years, the FMD has gained attention and is considered to have significant
potential among various DR regimes due to several reasons [16,17]. Unlike traditional
fasting, FMD provides a controlled intake of essential nutrients, allowing individuals to
experience some of the benefits of fasting while still obtaining vital nutrients. This feature
reduces the concerns associated with long-term fasting, such as nutrient deficiencies. FMD
offers a structured eating plan with specific meals and calorie restrictions, making it
more feasible and potentially easier to adhere to compared to prolonged fasting protocols.
FMD typically lasts for a few consecutive days—typically three to five—making it more
manageable for individuals than longer fasting periods [16]. Due to all described properties,
FMD could be a potential and feasible prevention and therapy option for AD. Thus,
with this narrative review, we aimed to summarize the current evidence of the potential
effects of FMD on AD as a preventive or curative strategy. A literature search in Pubmed,
Medline, and Cochrane databases of all articles published with keywords “fasting”, “dietary
restriction”, “fasting mimetics”, and “Alzheimer’s disease” was carried out. The keywords
were used in all possible combinations to obtain the maximum number of articles. All
studies, from bench and animal models to clinical, were included. After a short overview of
the impact of dietary restriction and fasting mimetics diets on human health and longevity,
we focused on studies that have examined the potential role of FMD in AD prevention or
disease-modifying. The review concludes with a general discussion of the mechanisms
underlying this unique trajectory and its implications for future research.
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Table 1. Principal dietary restriction (DR) regimens.

Caloric restriction (CR)
Throughout the entire duration of the dietary intervention, participants have successfully
implemented a reduction in caloric intake by 20–30% below the average, ensuring they
maintain adequate nutrition and avoid any risk of malnutrition.

Intermittent fasting (IF)

Alternating periods of fasting and eating. IF includes:

• Time-restricted feeding (TRF): This IF regimen involves limiting the daily eating
window to a specific time, typically 8–10 h, and fasting for the remaining 14–16 h.

• Alternate day fasting (ADF): ADF involves alternating between fasting days and
regular eating days. On fasting days, calorie intake is severely restricted or completely
avoided, while on eating days, individuals can consume their usual amount of food.

• Modified fasting: This approach involves reducing calorie intake on specific days of
the week, often referred to as “fasting days,” while following a normal eating pattern
on the remaining days. Typically, individuals consume a limited number of calories
(e.g., 500–600 calories) on fasting days.

• 5:2 diet: This IF regimen involves eating normally for five days of the week and
restricting calorie intake to around 500–600 calories on two non-consecutive fasting
days. On the remaining days, individuals follow their regular eating patterns.

• Periodic fasting: Periodic fasting involves longer fasting periods ranging from 24 h to
several days. For example, individuals may fast for 24 h once or twice a week or opt
for longer fasting periods of 48 or 72 h intermittently.

Restriction of specific macronutrients Glucose and carbohydrate restriction; Protein restriction; amino acid restriction;
Micronutrient restriction.

Ketogenic diets (KD)

A high-fat, low-carbohydrate dietary approach that aims to induce a state of ketosis in the
body. The typical macronutrient distribution involves consuming a very low amount of
carbohydrates (generally less than 50 g per day or 5–10% of total calories), a moderate
amount of protein, and a high proportion of dietary fat (70–75% of total calories).

Fasting mimicking diet (FMD)

A dietary protocol designed to mimic the effects of a prolonged fast providing some
nutrient intake. The main components of an FMD typically include consuming plant-based
foods such as vegetables, nuts, and seeds and healthy fats like olive oil. The macronutrient
distribution is calculated to provide around 40–50% of normal calorie intake on the first day
and around 10–20% for the following days of the fasting period (4–7 days every
15–365 days)

2. Nutrition, Metabolism, and Longevity: The Potential Role of Caloric Restriction

Genetic, environmental, and lifestyle factors strongly impact on human lifespan.
Among them, nutrition is considered an essential component not only affecting health
status but also with the potential to increase lifespan [18]. Nutrients are substances the
body requires to perform its basic functions and are contained in the foods introduced
with diet. They have three essential actions: provide energy, contribute to body structure,
and regulate chemical processes [18–20]. These basic functions allow us to live, grow,
reproduce, move, and respond to environmental insults. The main components of food
are carbohydrates, fats, and proteins that are metabolized as a source of energy produc-
tion (ATP, adenosine triphosphate) in cells [21]. Cells require chemical energy to drive
metabolic reactions, and mitochondria represent the cell’s powerhouses due to their action
in promoting the energy-releasing activities of electron transport and proton pumping
with the strength-protecting method of oxidative phosphorylation to produce ATP from
nutrients. Although biochemical energy production is required to sustain cell viability
and functions, excessive energy production might also induce cells to damage. In fact, in
this condition, the mitochondrial electron transport chain generates the superoxide anion
radical (O2•−) through direct reactions with molecular oxygen. This superoxide anion
radical then undergoes dismutation to form hydrogen peroxide (H2O2). Additionally,
hydrogen peroxide has the potential to react further and produce the hydroxyl radical
(HO) [21,22]. Reactive oxygen species (ROS) are generated by mitochondria both inside
and outside the cell. In turn, these ROS have the potential to damage various components
of mitochondria and initiate degradation processes. These toxic reactions play a significant
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role in the aging process and are a key principle of the free radical theory of aging. This
theory suggests that the accumulation of oxidative damage caused by ROS contributes to
aging. Much of the supporting evidence for this theory stems from the correlation observed
between the levels of antioxidant defenses specific to different species and their lifetime
energy expenditure [22].

Energy expenditure refers to the energy utilized by an individual to sustain vital
body functions. The overall daily energy expenditure is influenced by factors such as the
resting or basal metabolic rate (BMR), the thermogenic effect induced by food, and the
energy expended during physical activity. Numerous studies have indicated that animals
with longer lifespans exhibit lower BMR levels [23]. These data formed a cornerstone of
the rate-of-living hypothesis and the free radical damage theory of aging, each of which
recommends that the sturdiness of various animal species is inversely proportional to their
power expenditure. Production of unfavorable reactive oxygen species from metabolism is
a notion to purpose extra oxidative strain and decreased longevity. A notable correlation has
been observed between individuals who are entirely functional and free of major medical
conditions and their lower BMR in comparison to those with diseases and functional
impairments. These findings reinforce the significance of health status in energy regulation,
highlighting that an elevated BMR could potentially serve as a valuable biomarker for poor
health among older individuals [24,25]. In this context, dietary composition and calorie
level are key factors affecting BMR, aging, and age-related diseases [23].

CR, among DR regiments, is the only intervention that clearly reduces BMR and
improves longevity [26]. CR generally refers to a 20–40% reduction in daily total calorie
intake without lowering micronutrient intake, whereas dietary restriction refers to limiting
a particular macronutrient (proteins, carbohydrates, or fats) with or without a reduction
in total calorie intake. The health- and life-span-extending effects of CR have been char-
acterized across distinct species, including yeast (Saccharomyces cerevisiae), nematodes
(Caenorhabditis elegans), flies (Drosophila melanogaster), rodents (Mus musculus), and
non-human primates (Macaca mulatta) [26–28]. CR has been proposed to enhance longevity
by reducing the production of ROS and slowing down metabolism [29]. As a result, damage
to redox-sensitive transcription factors is prevented, and activation of pro-inflammatory
pathways is inhibited [29,30].

CR has been shown to positively affect multiple age-related changes in humans [31].
A study conducted on non-obese, healthy adults for twenty-four months using continuous
CR found that it was safe and improved their quality of life. It also caused weight loss
of 10–13%, primarily from fat mass, which stabilized after a year [32]. In addition, CR
reduced fasting insulin levels, body temperature (a possible marker for metabolic rate),
resting energy expenditure, oxidative stress, and thyroid axis activity [31,32]. In recent
studies conducted in overweight humans, CR ameliorated many health outcomes, includ-
ing reducing several cardiac risk factors [33–35], improving insulin sensitivity [36], and
enhancing mitochondrial function [37]. Additionally, prolonged CR has been found to
reduce oxidative damage to both DNA and RNA, as assessed in white blood cells [38].
Interestingly, humans undergoing CR experience a phenomenon known as “metabolic
adaptation,” wherein the metabolic rate decreases below the expected level. This intrigu-
ing adaptation has been observed to potentially contribute to longevity in humans [39].
Moreover, in healthy subjects, CR can decrease the levels of circulating tumor necrosis
factor-α as well as cardiometabolic risk factors (including high triglycerides, cholesterol,
and blood pressure) [40,41]. Obese patients who undergo CR and achieve weight loss
experience notable reductions in insulin growth factor-1 (IGF1) levels and improved insulin
resistance [42]. In this context, the population of Okinawa Island in Japan has garnered
attention due to their well-documented good health and a remarkable number of centenari-
ans. These characteristics have been attributed, in part, to their dietary pattern, including a
mild and consistent CR [43].

From a biological point of view, CR downregulates the expression of many genes
involved in oxidative stress and reduces oxidative damage in numerous tissues [31]. Other
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biological changes associated with CR contributing to the observed increases in health span
and longevity include autophagy (“self-eating” of damaged organelles) and the mainte-
nance of functional mitochondria through biogenesis (generation of new mitochondria) [44].
Despite these health-promoting biological changes, most individuals have difficulty engag-
ing in CR for a long time. Moreover, adherence to long-term CR regimens is often hindered
by psychosocial difficulties, which are, at least in part, offered by modern society through
high-caloric diets. Thus, the idea of CR mimicry has been advanced as an opportunity
for fasting or CR regimens. A periodic, short-term, low-calorie, and low-protein dietary
intervention—in line with the health advantages of low-calorie or low-protein diets—has
been developed to overcome the fact that many fasting-based interventions are likely not
feasible or extremely difficult to adhere to.

The FMD is one nutritional opportunity technique that could produce comparable
organic modifications as a CR that has received increasing interest from the scientific
community. FMD permits decreased calorie consumption in preference to whole meals
abstinence throughout the fasting period. FMD constitutes periodic cycles of consecutive
days consuming a reduced-calorie diet followed by eating ad libitum [16,17]. FMD has
emerged as a dietary modification that could benefit cardiometabolic diseases and weight
loss programs [16,17,45].

3. Fasting-Mimicking Diet: What Evidence for Health Status

FMD is a highly studied cyclic variant of CR designed to induce metabolic responses
related to fasting through a low-calorie diet. FMD is a plant-based diet, low in protein and
sugar but relatively high in fat. The FMD has been developed to be used in periodic cycles
from every two weeks to every several months, lasting from four to seven days for humans
and two to five days for mice. The five-day human FMD affords about 55% of the endorsed
day-by-day calorie consumption on day one and 35% on the following days, two–five.
The short duration (five consecutive days per month recommended for humans) and the
periodic application are thought to improve adherence and reduce dietary “fatigue,” thus
enabling easy inclusion into existing lifestyles. There are no subtypes or variations within
this specific protocol.

From studies conducted in mice, it has been shown that FMDs extend the median
lifespan, reduce inflammation and most cancer incidence, keep cognitive performance, and
improve overall health [46–50]. Choi and colleagues [50] demonstrated that periodic three-
day cycles of FMD effectively improve demyelination and related symptoms in a mouse
experimental autoimmune encephalomyelitis model. In detail, the FMD reduced clinical
severity in treated mice and reversed most symptoms in 20% of animals. Most importantly,
these improvements were associated with higher corticosterone and regulatory T (Treg) cell
numbers and lower levels of pro-inflammatory molecules. One interesting effect of cyclic
FMD was the induction of atrophy/quiescence followed by vigorous regeneration and
stem cell activation in several tissues [50]. Similarly, metabolic parameters, which include
blood glucose, insulin, and IGF-1, were reduced during the FMD phase and returned to
control levels during a regular feeding regimen. A further study tested an FMD in db/db
mice (a genetic model of type 2 diabetes) [47]. Such a diet was given every other week
for a total of eight weeks. The FMD was able to normalize blood glucose levels, with
significant improvements in insulin sensitivity and β cell function. In fact, the deterioration
of pancreatic islets and the loss of β cells in diabetic mice were prevented. Of interest, the
FMD was also associated with a reduction in hepatic steatosis [47].

However, evidence of FMD for human health is still poor. A study was conducted to
test the effects of FMD on markers and risk factors associated with aging and age-related
diseases [46] and involved one hundred healthy participants who were divided into two
study groups. Subjects who followed three months of an unrestricted diet and subjects
who consumed the FMD for five consecutive days per month for three months. Three FMD
cycles decreased body weight and total body fat, reduced blood pressure, and lowered
IGF-1 serum levels. No adverse effects were reported. After three months, subjects under
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the control diet were crossed over to the FMD, resulting in a total of seventy-one subjects
completing three FMD cycles. A post hoc analysis of subjects from both FMD arms showed
that fasting glucose, IGF-1, triglycerides, total cholesterol, C-reactive protein, body mass
index, and blood pressure were more significantly lowered in participants at higher risk of
cardiometabolic disease. With this study, the authors also showed that cycles of a five-day
FMD are safe, feasible, and effective in potentially reducing risk factors for age-related
diseases [46].

4. Alzheimer’s Disease and Dementia: The Metabolic Pathway

In AD, there is growing evidence supporting the involvement of metabolic pathways
in the development and progression of the disease. The metabolic hypothesis of AD sug-
gests that disruptions in various metabolic processes within the brain contribute to the
pathology of the disease. One key metabolic pathway that has been extensively studied
in relation to AD is glucose metabolism [51,52]. The human brain utilizes around 20% of
the body’s energy resources, representing about 2% of the body’s mass [52]. This under-
scores a huge metabolic workload, which is mainly fuelled by glucose. Strong evidence
shows that inadequate supply and utilization of energy sources to the brain can lead to
impaired energy production and metabolic dysfunction [9]. Insulin is a hormone that plays
a crucial role in regulating glucose metabolism and promoting cellular glucose uptake.
While insulin is primarily known for its role in regulating glucose metabolism in the body,
it is also produced and utilized in the brain. Many studies have suggested that insulin
levels may be elevated in the brains of individuals with AD, indicating a state of compen-
satory response or resistance to insulin. This phenomenon is referred to as “brain insulin
resistance”. Brain insulin resistance can lead to impaired glucose uptake and utilization
in brain cells, resulting in reduced energy production. This energy deficit can contribute
to the dysfunction and degeneration of neurons. Moreover, insulin signaling pathways
play a role in various cellular processes, including neuronal survival, synaptic plasticity,
and clearance of toxic proteins. Disruption of insulin signaling in the brain may also
contribute to the accumulation of pathological proteins, such as Aβ, and the development
of AD. Accordingly, amyloid plaques may first appear in brain regions that are charac-
terized by high levels of aerobic glycolysis in patients with AD [53]. White matter loss
and oligodendrocyte dysfunction represent early brain changes in AD [54–56], suggesting
that the supply of energy substrates is reduced, resulting in neuronal dysfunction. Thus,
Aβ accumulation and tau hyperphosphorylation may lead to further disruption of myelin
integrity and oligodendrocyte maturation and metabolism through oxidative stress and
neuroinflammation [57–60]. Like oligodendrocytes, astrocytic morphology and functions
are abnormal in AD, resulting in deleterious effects, including reduced carbon delivery
to neurons for oxidative phosphorylation and dysregulated linkages between neuronal
energy demand and regional blood supply [61]. Similarly, microglial metabolism shifts
from oxidative phosphorylation to aerobic glycolysis as observed upon acute exposure to
stressors such as fatty acids or Aβ [62]. Taken together, these data suggest that changes to
cellular bioenergetics may be considered key factors that influence the onset of AD patho-
physiology [52,63]. However, many questions remain about the causal role of individual
cell type bioenergetics and AD, and future studies should aim to define these metabolic
changes more clearly over the entire AD time course.

Metabolic pathways and diet are intricately linked, as the nutrients we consume
through our diet serve as the building fuel for various metabolic processes in our body.
Moreover, different dietary components can also influence the regulation of metabolic
pathways. Dietary factors like high sugar or fat intake can affect insulin sensitivity and
disrupt metabolic homeostasis.

Conversely, specific diets, such as low carbohydrates, can alter metabolic pathways
by promoting the utilization of fat as the primary energy source. This shift in metabolism
can have implications as potential therapeutic applications in certain medical conditions.
The influence of diet on the brain is a complex process that is influenced by various factors.
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These factors can impact the transportation and metabolism of nutrients, affecting their
availability to the brain. Recent findings from neuroimaging studies in humans suggest that
different dietary patterns may have an impact on cerebral bioenergetics, potentially starting
in middle adulthood, even before any observable effects on other biomarkers related to AD
and changes in brain structure become apparent [64]. In the past three decades, growing
evidence has indicated the advantageous outcomes of fasting and CR as viable approaches,
either independently or in combination with other lifestyle interventions like physical
activity, and as potential complements to pharmacological treatments in the prevention
and treatment of AD [65].

5. Alzheimer’s Disease: From Caloric Restriction to Fasting-Mimicking Diets

A long literature story shows that different dietary patterns may be effective in limiting
AD progression in mouse models and fasting [65]. Significant alterations in neurochemistry
and neuronal network activity occur because of fasting, particularly in crucial brain regions
like the hippocampus, striatum, hypothalamus, and brainstem. At the molecular level,
various signaling pathways have been discovered, facilitating structural changes such as
enhanced synaptic density and neurogenesis, as well as functional adaptations in neu-
ronal circuits in response to nutrient restriction, specifically low glucose levels. Previous
research performed in PS1 mutant knockin mice (a model of familial AD) concluded that
an alternate-day fasting (IF) routine of three months was able to reduce excitotoxic damage
to hippocampal CA1 and CA3 neurons when compared with mice fed at ad libitum. Again,
CR for fourteen weeks in amyloid precursor protein (APP) and PS1 transgenic mice was
associated with a reduction in the accumulation of Aβ plaques and decreased Aβ plaque-
associated astrocyte activation [66]. Furthermore, CR diets in other AD mouse models
slowed the progression of Aβ deposition in the hippocampus and cerebral cortex [67].
A study conducted over a period of seven to fourteen months on 3xTg mice—which are
often used to investigate synaptic dysfunction and AD-related pathology—found that
CR improved age-related behavioral deficits [68]. Again, after four months of protein
restriction cycles, alternated with regular feeding, 3xTg male mice exhibited improved
behavior performance and reduced phosphorylated tau compared with ad libitum-fed
animals, associated with a reduction in IGF-1 signaling during the restricted period [69].
Again, CR exhibits a remarkable ability to mitigate oxidative stress, a key factor implicated
in cognitive decline. By minimizing the harmful effects of oxidative stress, CR fosters a
conducive environment for optimal cognitive performance, thereby delaying aging-related
cognitive decline [70]. Furthermore, CR has been shown to stimulate the proliferation of
new neurons, a phenomenon known as neurogenesis in various brain regions, including
the hippocampus. Neurogenesis plays a crucial role in maintaining cognitive function
by facilitating learning, memory, and overall brain plasticity. Thus, the pro-neurogenic
effects of CR contribute to its ability to preserve cognitive function during aging (reviewed
in Moharajan [71]). More recently, novel evidence has emerged from a study conducted
in a rat model of Alzheimer’s disease (AD) induced by aluminum chloride (AlCl3). The
results of the study demonstrated that the induction of AD with AlCl3 led to cognitive and
behavioral deficits, impaired autophagy, increased apoptosis, and disrupted neurogenesis
and astrocyte activation in the hippocampus. Caloric restriction (CR) showed neuroprotec-
tive effects against these changes induced by AlCl3, partially ameliorating the behavioral,
cognitive, biochemical, and histological alterations. CR exhibited significant improvements
in behavior and histology [72].

Studies on long-term fasting in humans have been limited. A recent systematic review
and preliminary meta-analysis, including eleven trials on the efficacy of dietary restriction
on cognitive function, showed that DR has varying degrees of positive effect on cognitive
function in overweight/normal-weight people and subjects affected by Mild Cognitive
Impairment [73]. Some studies have specifically investigated the association between CR
and AD in humans, primarily through observational and epidemiological research [74].
Consuming a diet with lower calories significantly reduces the risk of AD [75]. Another
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study followed a group of participants over the age of 60 for an average of 4.5 years and
found that CR was associated with a reduced risk of cognitive decline [76]. These studies
have shown some promising results, indicating that CR may be associated with a lower
risk of developing AD and improved cognitive function.

Witte et al. demonstrated an improvement in verbal memory scores after 3 months
of caloric restriction in healthy study participants with an average age of 60 years [77].
Leclerc and collaborators replicated these cognitive benefits in a larger sample, multicenter
randomized controlled trial involving 220 healthy non-obese adults [78]. The study revealed
that a daily 25% reduction in caloric intake over a period of two years resulted in a
substantial improvement in working memory [78]. However, the specific effects of fasting
remained unknown. In a longitudinal study focused on healthy aging, older adults with
mild cognitive impairment were followed up [79]. The study included 99 participants aged
over 60 years, of whom 37 practiced intermittent fasting for two days per week from dawn
to sunset, 35 observed fasting for 12 months, and 27 did not practice fasting. The group that
regularly practiced fasting showed a significantly higher proportion of participants with
successful aging, defined as being free of common chronic diseases, having a Mini-Mental
State Examination score above 22, good functional ability, and a good quality of life (24.3%
in the fasting group vs. 3.1% in the non-fasting group) [79].

There is limited evidence on the effects of FMD on AD. Only one study is available so
far [80]. In this study, the authors demonstrated that FMD cycles have a more significant
effect on reducing AD pathology and cognitive decline than cycles of protein restriction
in mouse models of AD (E4FAD and 3xTg). The E4FAD model carries both the human
apolipoprotein E4 (APOE4) gene variant and gene mutations associated with familial AD.
The triple transgenic 3xTg model carries three genetic mutations that are commonly found
in familial AD: human APP (amyloid precursor protein) mutation, human PS1 (prese-
nilin 1) mutation, and human tau mutation. Four months of bi-monthly FMD cycles in
female E4FAD mice mitigate Aβ hippocampal and cortical load, reduce Aβ38/40/42, and
increase IL-2 (interleukin-2) expression in cortex extracts. The behavioral tests suggest that
bi-monthly FMD cycles improve visual attention, working memory, and spatial memory;
ameliorate anxiety-associated behaviors; and increase exploratory activity in E4FAD female
mice. In the 3xTg mice, long-term FMD cycles reduce amyloid-beta (Aβ) accumulation
and hyperphosphorylated tau in the hippocampus. Additionally, FMD cycles promote the
generation of new neural stem cells, decrease the number of microglia (immune cells in the
brain), and lower the expression of genes related to neuroinflammation, including NADPH
oxidase (Nox2), which produces superoxide, enhancing oxidative stress. Combined find-
ings from these two mouse models of AD suggest that cycles of FMD can decrease the levels
of pathological indicators, such as Aβ and hyperphosphorylated tau. FMD also appears
to reduce microglia density and markers associated with neuroinflammation, ultimately
leading to improved cognition. The outcomes observed in the 3xTg/Nox2-KO mice and
with the use of apocynin treatment further support the hypothesis that FMD cycles exert
positive effects on the 3xTg and E4FAD models by influencing the activity of microglia
and potentially brain macrophages. This modulation enables them to undertake protective
functions, including the clearance of Aβ, while simultaneously reducing oxidative stress
levels [80].

To assess the feasibility and safety of fasting-mimicking diet (FMD) cycles in patients
diagnosed with amnestic mild cognitive impairment (aMCI) or mild AD, the same group
is performing a phase I/II clinical study. The study involved patients with aMCI or mild
AD who had good nutritional status. The trial was randomized and placebo-controlled,
with single-blinding. After screening and a baseline assessment of cognitive performance,
functional status, and caregiver burden, subjects were randomly assigned to the FMD
(active) or placebo group. The placebo group received a diet in which one meal (lunch or
dinner) was replaced with a pasta or rice-based meal with vegetables for five days a month,
without any supplements. On the other hand, the FMD group completed five-day FMD
cycles, accompanied by supplements known for their fasting-mimicking, neuroprotective,
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anti-inflammatory, and antioxidant properties. These supplements included olive oil,
coconut oil, algal oil, nuts, caffeine, and cocoa. Additionally, the FMD group received these
supplements between FMD cycles for twenty-five days while following a regular diet. The
effectiveness of interventions relies heavily on ensuring adherence to dietary changes. In
general, adherence to the prescribed diet has been satisfactory, even during the periods
between FMD cycles when patients consume multiple supplements throughout the day
(detailed data are still unavailable). These preliminary findings suggest that administering
five-day FMD cycles monthly has been feasible and generally safe. No data are still
available on cognitive performances [80]. As far as feasibility is concerned, a recent study
investigating the effect of FMD on metabolic health factors in patients with prostate cancer
showed that most of the subjects reported the program was easy to undertake, resulting in
an 83% compliance to three cycles, a 91% compliance to two cycles, and a 100% compliance
to one cycle. Crucially, no adverse effects associated with FMD were observed [81].

6. Summary and Final Remarks

Figure 1 summarizes the main mechanisms implicated in AD pathology and mod-
ulated by two DR regimens, CR and FMD. The present review suggests that FMD may
have potential benefits for AD. Studies conducted in animal models of AD have shown
promising results regarding the effects of FMD cycles on reducing cognitive decline and AD
pathology. Moreover, FMD was associated with lower amyloid plaque accumulation, im-
proved metabolic health, modulation of inflammation, and enhancement of neural stem cell
production. Clinical trials evaluating the feasibility and safety of FMD cycles in individuals
with aMCI or mild AD have also been initiated.
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Figure 1. The main mechanisms implicated in Alzheimer’s disease (AD) pathology and modulated
by caloric restriction (CR) and fasting-mimicking diet (FMD). AD: Alzheimer’s disease; IGF-1: Insulin
Growth Factor-1.

Preliminary findings suggest that FMD cycles administered once a month have been
feasible and generally safe. Adherence to the FMD regimen and consumption of the
prescribed supplements have been satisfactory. In terms of adherence, the FMD may
offer certain advantages compared to other caloric restriction programs. The FMD is
followed for a relatively brief period, which may make it more feasible and sustainable
for individuals compared to longer-term caloric restriction programs. Unlike complete
fasting, the FMD allows for some calorie intake, which may help individuals adhere to
the diet more effectively compared to programs that involve complete deprivation of food.
The FMD provides a specific meal plan that outlines what and when to eat, which can
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help individuals with adherence by providing clear guidelines and structure. The FMD
has been associated with various health benefits, such as improved metabolic markers,
reduced inflammation, and potential longevity benefits. These potential benefits may
provide additional motivation for individuals to adhere to the diet.

While such a diet offers numerous potential health advantages, it is important to be
aware of its associated transient side effects, including dizziness, headache, fatigue, and
general weakness. Thus, further monitoring and recruitment of subjects are necessary
to confirm the safety and efficacy of FMD, especially in older persons. However, as a
preventive and curative strategy, the FMD may have the maximum effectiveness during
the preclinical phase of the disease. In this disease stage, with the presence of a caregiver, it
is possible to hypothesize a higher adherence compared to the dementia stage when the
brain damage is already advanced. Above all, it can be practically hard to implement this
diet in an individual with dementia, especially with behavioral impairments. In conclusion,
while the FMD holds promise for improving cognitive function in AD, more research is
needed to fully understand its effectiveness and safety.

Key Points

• The Fasting Mimicking Diet (FMD) is a program that aims to mimic the effects of
fasting while still allowing some food intake.

• The FMD involves consuming a low-calorie, low-protein, and low-carbohydrate diet
for 4–7 days.

• Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized
by the accumulation of amyloid plaques and neurofibrillary tangles in the brain,
leading to cognitive decline.

• Animal studies have suggested that fasting can reduce the levels of amyloid beta in
the brain, a key component of amyloid plaques.

• Limited human studies have found that the FMD may improve cognitive function in
patients with mild cognitive impairment, a precursor to AD.

• While the FMD holds promise for improving cognitive function in AD, its effectiveness
and safety require further investigation.

Author Contributions: Conceptualization, V.B. and P.M.; methodology, V.B., M.P. and A.G.G.; inves-
tigation, V.B. and P.M.; writing—original draft preparation, V.B. writing—review and editing, V.B.
and P.M.; supervision. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Dementia. Available online: https://www.who.int/news-room/fact-sheets/detail/dementia (accessed on 19 May 2023).
2. Strac, D.S.; Konjevod, M.; Sagud, M.; Perkovic, M.N.; Erjavec, G.N.; Vuic, B.; Simic, G.; Vukic, V.; Mimica, N.; Pivac, N.

Personalizing the Care and Treatment of Alzheimer’s Disease: An Overview. Pharmgenomics Pers. Med. 2021, 14, 631. [CrossRef]
[PubMed]

3. Rajmohan, R.; Reddy, P.H. Amyloid Beta and Phosphorylated Tau Accumulations Cause Abnormalities at Synapses of Alzheimer’s
Disease Neurons. J. Alzheimers Dis. 2017, 57, 975. [CrossRef]

4. Reitz, C.; Rogaeva, E.; Beecham, G.W. Late-Onset vs Nonmendelian Early-Onset Alzheimer Disease. Neurol. Genet. 2020, 6, e512.
[CrossRef] [PubMed]

5. Omura, J.D.; McGuire, L.C.; Patel, R.; Baumgart, M.; Lamb, R.; Jeffers, E.M.; Olivari, B.S.; Croft, J.B.; Thomas, C.W.; Hacker, K.
Modifiable Risk Factors for Alzheimer Disease and Related Dementias Among Adults Aged ≥45 Years—United States, 2019.
Morb. Mortal. Wkly. Rep. 2022, 71, 680. [CrossRef] [PubMed]

https://www.who.int/news-room/fact-sheets/detail/dementia
https://doi.org/10.2147/PGPM.S284615
https://www.ncbi.nlm.nih.gov/pubmed/34093032
https://doi.org/10.3233/JAD-160612
https://doi.org/10.1212/NXG.0000000000000512
https://www.ncbi.nlm.nih.gov/pubmed/33225065
https://doi.org/10.15585/mmwr.mm7120a2
https://www.ncbi.nlm.nih.gov/pubmed/35587456


Biomolecules 2023, 13, 1133 11 of 13

6. Livingston, G.; Huntley, J.; Sommerlad, A.; Ames, D.; Ballard, C.; Banerjee, S.; Brayne, C.; Burns, A.; Cohen-Mansfield, J.;
Cooper, C.; et al. Dementia Prevention, Intervention, and Care: 2020 Report of the Lancet Commission. Lancet 2020, 396, 413–446.
[CrossRef]

7. Ngandu, T.; Lehtisalo, J.; Solomon, A.; Levälahti, E.; Ahtiluoto, S.; Antikainen, R.; Bäckman, L.; Hänninen, T.; Jula, A.;
Laatikainen, T.; et al. A 2 Year Multidomain Intervention of Diet, Exercise, Cognitive Training, and Vascular Risk Monitor-
ing versus Control to Prevent Cognitive Decline in at-Risk Elderly People (FINGER): A Randomised Controlled Trial. Lancet 2015,
385, 2255–2263. [CrossRef] [PubMed]

8. Rosenberg, A.; Ngandu, T.; Rusanen, M.; Antikainen, R.; Bäckman, L.; Havulinna, S.; Hänninen, T.; Laatikainen, T.; Lehtisalo, J.;
Levälahti, E.; et al. Multidomain Lifestyle Intervention Benefits a Large Elderly Population at Risk for Cognitive Decline and
Dementia Regardless of Baseline Characteristics: The FINGER Trial. Alzheimer’s Dement. 2018, 14, 263–270. [CrossRef] [PubMed]

9. Demetrius, L.A.; Driver, J. Alzheimer’s as a Metabolic Disease. Biogerontology 2013, 14, 641–649. [CrossRef]
10. Van Den Brink, A.C.; Brouwer-Brolsma, E.M.; Berendsen, A.A.M.; Van De Rest, O. The Mediterranean, Dietary Approaches to

Stop Hypertension (DASH), and Mediterranean-DASH Intervention for Neurodegenerative Delay (MIND) Diets Are Associated
with Less Cognitive Decline and a Lower Risk of Alzheimer’s Disease—A Review. Adv. Nutr. 2019, 10, 1040. [CrossRef]

11. Nwaru, B.I.; Dierkes, J.; Ramel, A.; Arnesen, E.K.; Thorisdottir, B.; Lamberg-Allardt, C.; Söderlund, F.; Bärebring, L.; Åkesson, A.
Quality of dietary fat and risk of Alzheimer’s disease and dementia in adults aged ≥50 years: A systematic review. Food Nutr.
Res. 2022, 66. [CrossRef]

12. Fontana, L.; Partridge, L. Promoting Health and Longevity through Diet: From Model Organisms to Humans. Cell 2015,
161, 106–118. [CrossRef] [PubMed]

13. Lee, C.; Longo, V. Dietary Restriction with and without Caloric Restriction for Healthy Aging. F1000Res 2016, 5. [CrossRef]
[PubMed]

14. Pignatti, C.; D’adamo, S.; Stefanelli, C.; Flamigni, F.; Cetrullo, S. Nutrients and Pathways That Regulate Health Span and Life
Span. Geriatrics 2020, 5, 95. [CrossRef]

15. Napoleão, A.; Fernandes, L.; Miranda, C.; Marum, A.P. Effects of Calorie Restriction on Health Span and Insulin Resistance:
Classic Calorie Restriction Diet vs. Ketosis-Inducing Diet. Nutrients 2021, 13, 1302. [CrossRef] [PubMed]

16. Fanti, M.; Mishra, A.; Longo, V.D.; Brandhorst, S. Time-Restricted Eating, Intermittent Fasting, and Fasting-Mimicking Diets in
Weight Loss. Curr. Obes. Rep. 2021, 10, 70–80. [CrossRef] [PubMed]

17. Blaževitš, O.; Di Tano, M.; Longo, V.D. Fasting and Fasting Mimicking Diets in Cancer Prevention and Therapy. Trends Cancer
2023, 9, 212–222. [CrossRef]

18. Allman-Farinelli, M.; Boljevac, B.; Vuong, T.; Hekler, E. Nutrition-Related N-of-1 Studies Warrant Further Research to Provide
Evidence for Dietitians to Practice Personalized (Precision) Medical Nutrition Therapy: A Systematic Review. Nutrients 2023,
15, 1756. [CrossRef]

19. Vucic, V.; Ristic-Medic, D.; Arsic, A.; Petrovic, S.; Paunovic, M.; Vasiljevic, N.; Ilich, J.Z. Nutrition and Physical Activity as
Modulators of Osteosarcopenic Adiposity: A Scoping Review and Recommendations for Future Research. Nutrients 2023, 15, 1619.
[CrossRef]

20. Grande de França, N.A.; Rolland, Y.; Guyonnet, S.; Souto Barreto, P. de The Role of Dietary Strategies in the Modulation of
Hallmarks of Aging. Ageing Res. Rev. 2023, 87, 101908. [CrossRef]

21. Morris, A.L.; Mohiuddin, S.S. Biochemistry, Nutrients; StatPearls: St. Petersburg, FL, USA„ 2022.
22. Viña, J.; Borras, C.; Abdelaziz, K.M.; Garcia-Valles, R.; Gomez-Cabrera, M.C. The Free Radical Theory of Aging Revisited: The

Cell Signaling Disruption Theory of Aging. Antioxid. Redox Signal. 2013, 19, 779. [CrossRef]
23. Gonzalez-Freire, M.; De Cabo, R.; Bernier, M.; Sollott, S.J.; Fabbri, E.; Navas, P.; Ferrucci, L. Reconsidering the Role of Mitochondria

in Aging. J. Gerontol. A Biol. Sci. Med. Sci. 2015, 70, 1334–1342. [CrossRef]
24. Romano, A.; Greco, E.; Vendemiale, G.; Serviddio, G. Bioenergetics and Mitochondrial Dysfunction in Aging: Recent Insights for

a Therapeutical Approach. Curr. Pharm. Des. 2014, 20, 2978–2992. [CrossRef] [PubMed]
25. Wang, C.H.; Wu, S.B.; Wu, Y.T.; Wei, Y.H. Oxidative Stress Response Elicited by Mitochondrial Dysfunction: Implication in the

Pathophysiology of Aging. Exp. Biol. Med. 2013, 238, 450–460. [CrossRef] [PubMed]
26. Speakman, J.R.; Mitchell, S.E. Caloric Restriction. Mol. Asp. Med. 2011, 32, 159–221. [CrossRef] [PubMed]
27. Dorling, J.L.; Martin, C.K.; Redman, L.M. Calorie Restriction for Enhanced Longevity: The Role of Novel Dietary Strategies in the

Present Obesogenic Environment. Ageing Res. Rev. 2020, 64, 101038. [CrossRef]
28. Speakman, J.R. Why Does Caloric Restriction Increase Life and Healthspan? The ‘Clean Cupboards’ Hypothesis. Natl. Sci. Rev.

2020, 7, 1153–1156. [CrossRef] [PubMed]
29. López-Lluch, G.; Navas, P. Calorie Restriction as an Intervention in Ageing. J. Physiol. 2016, 594, 2043. [CrossRef]
30. Ungvari, Z.; Parrado-Fernandez, C.; Csiszar, A.; De Cabo, R. Mechanisms Underlying Caloric Restriction and Life Span Regulation:

Implications for Vascular Aging. Circ. Res. 2008, 102, 519. [CrossRef]
31. Flanagan, E.W.; Most, J.; Mey, J.T.; Redman, L.M. Calorie Restriction and Aging in Humans. Annu. Rev. Nutr. 2020, 40, 105.

[CrossRef]
32. Il’yasova, D.; Fontana, L.; Bhapkar, M.; Pieper, C.F.; Spasojevic, I.; Redman, L.M.; Das, S.K.; Huffman, K.M.; Kraus, W.E. Effects of

2 Years of Caloric Restriction on Oxidative Status Assessed by Urinary F2-Isoprostanes: The CALERIE 2 Randomized Clinical
Trial. Aging Cell. 2018, 17, e12719. [CrossRef]

https://doi.org/10.1016/S0140-6736(20)30367-6
https://doi.org/10.1016/S0140-6736(15)60461-5
https://www.ncbi.nlm.nih.gov/pubmed/25771249
https://doi.org/10.1016/j.jalz.2017.09.006
https://www.ncbi.nlm.nih.gov/pubmed/29055814
https://doi.org/10.1007/s10522-013-9479-7
https://doi.org/10.1093/advances/nmz054
https://doi.org/10.29219/fnr.v66.8629
https://doi.org/10.1016/j.cell.2015.02.020
https://www.ncbi.nlm.nih.gov/pubmed/25815989
https://doi.org/10.12688/f1000research.7136.1
https://www.ncbi.nlm.nih.gov/pubmed/26918181
https://doi.org/10.3390/geriatrics5040095
https://doi.org/10.3390/nu13041302
https://www.ncbi.nlm.nih.gov/pubmed/33920973
https://doi.org/10.1007/s13679-021-00424-2
https://www.ncbi.nlm.nih.gov/pubmed/33512641
https://doi.org/10.1016/j.trecan.2022.12.006
https://doi.org/10.3390/nu15071756
https://doi.org/10.3390/nu15071619
https://doi.org/10.1016/j.arr.2023.101908
https://doi.org/10.1089/ars.2012.5111
https://doi.org/10.1093/gerona/glv070
https://doi.org/10.2174/13816128113196660700
https://www.ncbi.nlm.nih.gov/pubmed/24079772
https://doi.org/10.1177/1535370213493069
https://www.ncbi.nlm.nih.gov/pubmed/23856898
https://doi.org/10.1016/j.mam.2011.07.001
https://www.ncbi.nlm.nih.gov/pubmed/21840335
https://doi.org/10.1016/j.arr.2020.101038
https://doi.org/10.1093/nsr/nwaa078
https://www.ncbi.nlm.nih.gov/pubmed/34692140
https://doi.org/10.1113/JP270543
https://doi.org/10.1161/CIRCRESAHA.107.168369
https://doi.org/10.1146/annurev-nutr-122319-034601
https://doi.org/10.1111/acel.12719


Biomolecules 2023, 13, 1133 12 of 13

33. Fontana, L.; Meyer, T.E.; Klein, S.; Holloszy, J.O. Long-Term Calorie Restriction Is Highly Effective in Reducing the Risk for
Atherosclerosis in Humans. Proc. Natl. Acad. Sci. USA 2004, 101, 6659–6663. [CrossRef] [PubMed]

34. Fontana, L.; Klein, S. Aging, Adiposity, and Calorie Restriction. JAMA 2007, 297, 986–994. [CrossRef] [PubMed]
35. Fontana, L. Calorie Restriction and Cardiometabolic Health. Eur. J. Prev. Cardiol. 2008, 15, 3–9. [CrossRef] [PubMed]
36. Larson-Meyer, D.E.; Heilbronn, L.K.; Redman, L.M.; Newcomer, B.R.; Frisard, M.I.; Anton, S.; Smith, S.R.; Alfonso, A.; Ravussin,

E. Effect of Calorie Restriction with or without Exercise on Insulin Sensitivity, Beta-Cell Function, Fat Cell Size, and Ectopic Lipid
in Overweight Subjects. Diabetes Care 2006, 29, 1337–1344. [CrossRef]

37. Civitarese, A.E.; Carling, S.; Heilbronn, L.K.; Hulver, M.H.; Ukropcova, B.; Deutsch, W.A.; Smith, S.R.; Ravussin, E. Calorie
Restriction Increases Muscle Mitochondrial Biogenesis in Healthy Humans. PLoS Med. 2007, 4, 485–494. [CrossRef] [PubMed]

38. Hofer, S.J.; Carmona-Gutierrez, D.; Mueller, M.I.; Madeo, F. The Ups and Downs of Caloric Restriction and Fasting: From
Molecular Effects to Clinical Application. EMBO Mol. Med. 2022, 14, e14418. [CrossRef] [PubMed]

39. Redman, L.M.; Smith, S.R.; Burton, J.H.; Martin, C.K.; Il’yasova, D.; Ravussin, E. Metabolic Slowing and Reduced Oxidative
Damage with Sustained Caloric Restriction Support the Rate of Living and Oxidative Damage Theories of Aging. Cell Metab.
2018, 27, 805–815.e4. [CrossRef]

40. Leong, I. Sustained Caloric Restriction in Health. Nat. Rev. Endocrinol. 2018, 14, 322. [CrossRef]
41. Abbott, A. Reduced-Calorie Diet Shows Signs of Slowing Ageing in People. Nature 2018, 555, 570–571. [CrossRef]
42. Dubé, J.J.; Amati, F.; Toledo, F.G.S.; Stefanovic-Racic, M.; Rossi, A.; Coen, P.; Goodpaster, B.H. Effects of Weight Loss and Exercise

on Insulin Resistance, and Intramyocellular Triacylglycerol, Diacylglycerol and Ceramide. Diabetologia 2011, 54, 1147–1156.
[CrossRef]

43. Willcox, B.J.; Willcox, D.C.; Suzuki, M. Demographic, Phenotypic, and Genetic Characteristics of Centenarians in Okinawa and
Japan: Part 1—Centenarians in Okinawa. Mech. Ageing Dev. 2017, 165, 75–79. [CrossRef] [PubMed]

44. Anton, S.; Leeuwenburgh, C. Fasting or Caloric Restriction for Healthy Aging. Exp. Gerontol. 2013, 48, 1003. [CrossRef]
45. Mishra, A.; Longo, V.D. Fasting and Fasting Mimicking Diets in Obesity and Cardiometabolic Disease Prevention and Treatment.

Phys. Med. Rehabil. Clin. N. Am. 2022, 33, 699–717. [CrossRef] [PubMed]
46. Wei, M.; Brandhorst, S.; Shelehchi, M.; Mirzaei, H.; Cheng, C.W.; Budniak, J.; Groshen, S.; Mack, W.J.; Guen, E.; Di Biase, S.; et al.

Fasting-Mimicking Diet and Markers/Risk Factors for Aging, Diabetes, Cancer, and Cardiovascular Disease. Sci. Transl. Med.
2017, 9, eaai8700. [CrossRef] [PubMed]

47. Wei, S.; Han, R.; Zhao, J.; Wang, S.; Huang, M.; Wang, Y.; Chen, Y. Intermittent Administration of a Fasting-Mimicking Diet
Intervenes in Diabetes Progression, Restores β Cells and Reconstructs Gut Microbiota in Mice. Nutr. Metab. 2018, 15, 80.
[CrossRef] [PubMed]

48. Brandhorst, S.; Longo, V.D. Protein Quantity and Source, Fasting-Mimicking Diets, and Longevity. Adv. Nutr. 2019, 10, S340–S350.
[CrossRef]

49. Brandhorst, S.; Choi, I.Y.; Wei, M.; Cheng, C.W.; Sedrakyan, S.; Navarrete, G.; Dubeau, L.; Yap, L.P.; Park, R.; Vinciguerra, M.; et al.
A Periodic Diet That Mimics Fasting Promotes Multi-System Regeneration, Enhanced Cognitive Performance, and Healthspan.
Cell Metab. 2015, 22, 86–99. [CrossRef]

50. Choi, I.Y.; Piccio, L.; Childress, P.; Bollman, B.; Ghosh, A.; Brandhorst, S.; Suarez, J.; Michalsen, A.; Cross, A.H.; Morgan, T.E.; et al.
A Diet Mimicking Fasting Promotes Regeneration and Reduces Autoimmunity and Multiple Sclerosis Symptoms. Cell Rep. 2016,
15, 2136–2146. [CrossRef]

51. Mecocci, P.; Baroni, M.; Senin, U.; Boccardi, V. Brain Aging and Late-Onset Alzheimer’s Disease: A Matter of Increased Amyloid
or Reduced Energy? J. Alzheimers Dis. 2018, 64, S397–S404. [CrossRef]

52. Boccardi, V.; Comanducci, C.; Baroni, M.; Mecocci, P. Of Energy and Entropy: The Ineluctable Impact of Aging in Old Age
Dementia. Int. J. Mol. Sci. 2017, 18, 2672. [CrossRef]

53. Vlassenko, A.G.; Vaishnavi, S.N.; Couture, L.; Sacco, D.; Shannon, B.J.; Mach, R.H.; Morris, J.C.; Raichle, M.E.; Mintun, M.A.
Spatial Correlation between Brain Aerobic Glycolysis and Amyloid-β (Aβ) Deposition. Proc. Natl. Acad. Sci. USA 2010,
107, 17763–17767. [CrossRef] [PubMed]

54. Nasrabady, S.E.; Rizvi, B.; Goldman, J.E.; Adam, M.; Brickman. White matter changes in Alzheimer’s disease: A focus on myelin
and oligodendrocytes. Acta Neuropathol. Commun. 2018, 6, 22. [CrossRef] [PubMed]

55. Vanzulli, I.; Papanikolaou, M.; De-La-Rocha, I.C.; Pieropan, F.; Rivera, A.D.; Gomez-Nicola, D.; Verkhratsky, A.; Rodríguez, J.J.;
Butt, A.M. Disruption of Oligodendrocyte Progenitor Cells Is an Early Sign of Pathology in the Triple Transgenic Mouse Model of
Alzheimer’s Disease. Neurobiol. Aging 2020, 94, 130–139. [CrossRef] [PubMed]

56. Chacon-De-La-Rocha, I.; Fryatt, G.; Rivera, A.D.; Verkhratsky, A.; Raineteau, O.; Gomez-Nicola, D.; Butt, A.M. Accelerated
Dystrophy and Decay of Oligodendrocyte Precursor Cells in the APP/PS1 Model of Alzheimer’s-like Pathology. Front. Cell.
Neurosci. 2020, 14, 575082. [CrossRef]

57. Butt, A.M.; De La Rocha, I.C.; Rivera, A. Oligodendroglial Cells in Alzheimer’s Disease. Adv. Exp. Med. Biol. 2019, 1175, 325–333.
[CrossRef]

58. Afsar, A.; Chacon Castro, M.D.C.; Soladogun, A.S.; Zhang, L. Recent Development in the Understanding of Molecular and
Cellular Mechanisms Underlying the Etiopathogenesis of Alzheimer’s Disease. Int. J. Mol. Sci. 2023, 24, 7258. [CrossRef]

https://doi.org/10.1073/pnas.0308291101
https://www.ncbi.nlm.nih.gov/pubmed/15096581
https://doi.org/10.1001/jama.297.9.986
https://www.ncbi.nlm.nih.gov/pubmed/17341713
https://doi.org/10.1097/HJR.0b013e3282f17bd4
https://www.ncbi.nlm.nih.gov/pubmed/18277179
https://doi.org/10.2337/dc05-2565
https://doi.org/10.1371/journal.pmed.0040076
https://www.ncbi.nlm.nih.gov/pubmed/17341128
https://doi.org/10.15252/emmm.202114418
https://www.ncbi.nlm.nih.gov/pubmed/34779138
https://doi.org/10.1016/j.cmet.2018.02.019
https://doi.org/10.1038/s41574-018-0008-2
https://doi.org/10.1038/d41586-018-03431-x
https://doi.org/10.1007/s00125-011-2065-0
https://doi.org/10.1016/j.mad.2016.11.001
https://www.ncbi.nlm.nih.gov/pubmed/27845177
https://doi.org/10.1016/j.exger.2013.04.011
https://doi.org/10.1016/j.pmr.2022.04.009
https://www.ncbi.nlm.nih.gov/pubmed/35989059
https://doi.org/10.1126/scitranslmed.aai8700
https://www.ncbi.nlm.nih.gov/pubmed/28202779
https://doi.org/10.1186/s12986-018-0318-3
https://www.ncbi.nlm.nih.gov/pubmed/30479647
https://doi.org/10.1093/advances/nmz079
https://doi.org/10.1016/j.cmet.2015.05.012
https://doi.org/10.1016/j.celrep.2016.05.009
https://doi.org/10.3233/JAD-179903
https://doi.org/10.3390/ijms18122672
https://doi.org/10.1073/pnas.1010461107
https://www.ncbi.nlm.nih.gov/pubmed/20837517
https://doi.org/10.1186/s40478-018-0515-3
https://www.ncbi.nlm.nih.gov/pubmed/29499767
https://doi.org/10.1016/j.neurobiolaging.2020.05.016
https://www.ncbi.nlm.nih.gov/pubmed/32619874
https://doi.org/10.3389/fncel.2020.575082
https://doi.org/10.1007/978-981-13-9913-8_12
https://doi.org/10.3390/ijms24087258


Biomolecules 2023, 13, 1133 13 of 13

59. Rivera, A.D.; Chacon-De-La-Rocha, I.; Pieropan, F.; Papanikolau, M.; Azim, K.; Butt, A.M. Keeping the Ageing Brain Wired: A
Role for Purine Signalling in Regulating Cellular Metabolism in Oligodendrocyte Progenitors. Pflug. Arch. 2021, 473, 775–783.
[CrossRef]

60. Butt, A.M.; Papanikolaou, M.; Rivera, A. Physiology of Oligodendroglia. Adv. Exp. Med. Biol. 2019, 1175, 117–128. [CrossRef]
61. Acosta, C.; Anderson, H.D.; Anderson, C.M. Astrocyte Dysfunction in Alzheimer Disease. J. Neurosci. Res. 2017, 95, 2430–2447.

[CrossRef]
62. Rubio-Araiz, A.; Finucane, O.M.; Keogh, S.; Lynch, M.A. Anti-TLR2 Antibody Triggers Oxidative Phosphorylation in Microglia

and Increases Phagocytosis of β-Amyloid. J. Neuroinflammation 2018, 15, 247. [CrossRef]
63. Mecocci, P.; Boccardi, V.; Cecchetti, R.; Bastiani, P.; Scamosci, M.; Ruggiero, C.; Baroni, M. A Long Journey into Aging, Brain Aging,

and Alzheimer’s Disease Following the Oxidative Stress Tracks. J. Alzheimers Dis. 2018, 62, 1319–1335. [CrossRef] [PubMed]
64. Yassine, H.N.; Self, W.; Kerman, B.E.; Santoni, G.; Navalpur Shanmugam, N.K.; Abdullah, L.; Golden, L.R.; Fonteh, A.N.;

Harrington, M.G.; Gräff, J.; et al. Nutritional Metabolism and Cerebral Bioenergetics in Alzheimer’s Disease and Related
Dementias. Alzheimers Dement. 2022, 19, 1041–1066. [CrossRef] [PubMed]

65. Van Cauwenberghe, C.; Vandendriessche, C.; Libert, C.; Vandenbroucke, R.E. Caloric Restriction: Beneficial Effects on Brain
Aging and Alzheimer’s Disease. Mamm. Genome 2016, 27, 300–319. [CrossRef] [PubMed]

66. Patel, N.V.; Gordon, M.N.; Connor, K.E.; Good, R.A.; Engelman, R.W.; Mason, J.; Morgan, D.G.; Morgan, T.E.; Finch, C.E. Caloric
Restriction Attenuates Abeta-Deposition in Alzheimer Transgenic Models. Neurobiol. Aging 2005, 26, 995–1000. [CrossRef]

67. Mouton, P.R.; Chachich, M.E.; Quigley, C.; Spangler, E.; Ingram, D.K. Caloric Restriction Attenuates Amyloid Deposition in
Middle-Aged APP/ PS1 Mice. Neurosci. Lett. 2009, 464, 184. [CrossRef]

68. Halagappa, V.K.M.; Guo, Z.; Pearson, M.; Matsuoka, Y.; Cutler, R.G.; LaFerla, F.M.; Mattson, M.P. Intermittent Fasting and Caloric
Restriction Ameliorate Age-Related Behavioral Deficits in the Triple-Transgenic Mouse Model of Alzheimer’s Disease. Neurobiol.
Dis. 2007, 26, 212–220. [CrossRef]

69. Parrella, E.; Maxim, T.; Maialetti, F.; Zhang, L.; Wan, J.; Wei, M.; Cohen, P.; Fontana, L.; Longo, V.D. Protein Restriction Cycles
Reduce IGF-1 and Phosphorylated Tau, and Improve Behavioral Performance in an Alzheimer’s Disease Mouse Model. Aging
Cell 2013, 12, 257–268. [CrossRef]

70. Yu, Q.; Zou, L.; Kong, Z.; Yang, L. Cognitive Impact of Calorie Restriction: A Narrative Review. J. Am. Med. Dir. Assoc. 2020,
21, 1394–1401. [CrossRef]

71. Maharajan, N.; Vijayakumar, K.; Jang, C.H.; Cho, G.W. Caloric Restriction Maintains Stem Cells through Niche and Regulates
Stem Cell Aging. J. Mol. Med. 2020, 98, 25–37. [CrossRef]

72. Wadie, C.M.; Ali, R.H.; Mohamed, A.E.H.A.; Labib, J.M.W.; Sabaa, A.R.; Awad, H.E.A.; Abou-Bakr, D.A. A Comparative Study of
Acetyl-l-carnitine and Caloric Restriction Impact on Hippocampal Autophagy, Apoptosis, Neurogenesis, and Astroglial Function
in AlCl3-Induced Alzheimer’s in Rats. Can. J. Physiol. Pharmacol. 2023, 101, 244–257. [CrossRef]

73. Lü, W.; Yu, T.; Kuang, W. Effects of Dietary Restriction on Cognitive Function: A Systematic Review and Meta-Analysis. Nutr.
Neurosci. 2023, 26, 540–550. [CrossRef] [PubMed]

74. Chu, C.Q.; Yu, L.L.; Qi, G.Y.; Mi, Y.S.; Wu, W.Q.; Lee, Y.K.; Zhai, Q.X.; Tian, F.W.; Chen, W. Can Dietary Patterns Prevent Cognitive
Impairment and Reduce Alzheimer’s Disease Risk: Exploring the Underlying Mechanisms of Effects. Neurosci. Biobehav. Rev.
2022, 135, 104556. [CrossRef] [PubMed]

75. Hu, N.; Yu, J.T.; Tan, L.; Wang, Y.L.; Sun, L.; Tan, L. Nutrition and the Risk of Alzheimer’s Disease. Biomed. Res. Int. 2013, 2013, 12.
[CrossRef] [PubMed]

76. Morris, M.C.; Tangney, C.C.; Wang, Y.; Sacks, F.M.; Bennett, D.A.; Aggarwal, N.T. MIND Diet Associated with Reduced Incidence
of Alzheimer’s Disease. Alzheimers Dement. 2015, 11, 1007. [CrossRef]

77. Witte, A.V.; Fobker, M.; Gellner, R.; Knecht, S.; Flöel, A. Caloric Restriction Improves Memory in Elderly Humans. Proc. Natl.
Acad. Sci. USA 2009, 106, 1255–1260. [CrossRef]

78. Leclerc, E.; Trevizol, A.P.; Grigolon, R.B.; Subramaniapillai, M.; McIntyre, R.S.; Brietzke, E.; Mansur, R.B. The Effect of Caloric
Restriction on Working Memory in Healthy Non-Obese Adults. CNS Spectr. 2020, 25, 2–8. [CrossRef]

79. Ooi, T.C.; Meramat, A.; Rajab, N.F.; Shahar, S.; Ismail, I.S.; Azam, A.A.; Sharif, R. Intermittent Fasting Enhanced the Cognitive
Function in Older Adults with Mild Cognitive Impairment by Inducing Biochemical and Metabolic Changes: A 3-Year Progressive
Study. Nutrients 2020, 12, 2644. [CrossRef]

80. Rangan, P.; Lobo, F.; Parrella, E.; Rochette, N.; Morselli, M.; Stephen, T.L.; Cremonini, A.L.; Tagliafico, L.; Persia, A.; Caffa, I.; et al.
Fasting-Mimicking Diet Cycles Reduce Neuroinflammation to Attenuate Cognitive Decline in Alzheimer’s Models. Cell Rep.
2022, 40, 111417. [CrossRef]

81. Fay-Watt, V.; O’Connor, S.; Roshan, D.; Romeo, A.C.; Longo, V.D.; Sullivan, F.J. The Impact of a Fasting Mimicking Diet on the
Metabolic Health of a Prospective Cohort of Patients with Prostate Cancer: A Pilot Implementation Study. Prostate Cancer Prostatic
Dis. 2022, 26, 317–322. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s00424-021-02544-z
https://doi.org/10.1007/978-981-13-9913-8_5
https://doi.org/10.1002/jnr.24075
https://doi.org/10.1186/s12974-018-1281-7
https://doi.org/10.3233/JAD-170732
https://www.ncbi.nlm.nih.gov/pubmed/29562533
https://doi.org/10.1002/alz.12845
https://www.ncbi.nlm.nih.gov/pubmed/36479795
https://doi.org/10.1007/s00335-016-9647-6
https://www.ncbi.nlm.nih.gov/pubmed/27240590
https://doi.org/10.1016/j.neurobiolaging.2004.09.014
https://doi.org/10.1016/j.neulet.2009.08.038
https://doi.org/10.1016/j.nbd.2006.12.019
https://doi.org/10.1111/acel.12049
https://doi.org/10.1016/j.jamda.2020.05.047
https://doi.org/10.1007/s00109-019-01846-1
https://doi.org/10.1139/cjpp-2022-0304
https://doi.org/10.1080/1028415X.2022.2068876
https://www.ncbi.nlm.nih.gov/pubmed/35469542
https://doi.org/10.1016/j.neubiorev.2022.104556
https://www.ncbi.nlm.nih.gov/pubmed/35122783
https://doi.org/10.1155/2013/524820
https://www.ncbi.nlm.nih.gov/pubmed/23865055
https://doi.org/10.1016/j.jalz.2014.11.009
https://doi.org/10.1073/pnas.0808587106
https://doi.org/10.1017/S1092852918001566
https://doi.org/10.3390/nu12092644
https://doi.org/10.1016/j.celrep.2022.111417
https://doi.org/10.1038/s41391-022-00528-3

	Introduction 
	Nutrition, Metabolism, and Longevity: The Potential Role of Caloric Restriction 
	Fasting-Mimicking Diet: What Evidence for Health Status 
	Alzheimer’s Disease and Dementia: The Metabolic Pathway 
	Alzheimer’s Disease: From Caloric Restriction to Fasting-Mimicking Diets 
	Summary and Final Remarks 
	References

